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IntroduCtIon
The functional and structural integrity of cartilage tissue is believed to rely mainly on collagen type II molecules within its matrix [25] . Collagen type II in turn acts in concert with other collagens, types III, VI, IX, X, and XI [18] , and matrix proteoglycans such as aggrecan [6] .
Collagen type II protein has been localised in articular cartilage of many different species including man [9, 22] . Collagen type II mRNA produced by chondrocytes has also been detected in vivo at the light microscopic level in mouse [26] and human cartilage [1, 16] .
Some authors, for example, Gay et al. [9] , Gebhard et al. [10] , Mankin et al. [17] , Miosge et al. [20] , and Nerlich et al. [22] , have demonstrated collagen type I or its corresponding mRNA in osteoarthritic cartilage.
With the help of immunohistochemistry, reverse--transcription-polymerase chain reaction, quantitative real-time-polymerase chain reaction, and in situ hybridisation, Miosge et al. [20] found that not only collagen type II, but also collagen type I is synthesised by the cells of the diseased cartilage tissue, especially in the later stages of osteoarthritis.
Articular cartilage is composed of chondrocytes embedded within an extracellular matrix of collagens, proteoglycans, and non-collagenous proteins [19] . Loading and movement of the joint are of major importance for the maintenance of the morphologic and functional integrity of the articular cartilage [27] . Immobilisation of joint comprises a major component of treatment for various diseases whether for the purpose of stabilising fracture frequency or to rest inflamed or damaged tissues secondary to disease or traumatic injury [2, 4, 28] . The impact of immobilisation and unloading of joints on articular cartilage has been investigated in animal models [2, 11] and humans [12, 27, 28] . Previous studies have demonstrated that joint immobilisation and unloading lead to functional adaptation of articular cartilage that involve morphologic changes of chondrocytes and cartilage matrix [13, 15] . Articular cartilage changes were detected as early as one week following immobilisation of rat knee joint [2, 3] . Studies performed on animals have also investigated the effect of remobilisation on the immobilisation-induced cartilage changes to detect the reversibility of these changes. The results of the studies were controversial. Following immobilisation of rabbit knees for 6 weeks, a period of 6 weeks of remobilisation was not sufficient to recover from the moderate alteration of proteoglycan produced [8] . Full restoration of articular cartilage proteoglycan concentration was not obtained even after 50 weeks of remobilisation in canine immobilised knee joints for 11 weeks [11] . Loss of chondrocytes was irreversible, while reduction of cartilage proteoglycan was almost reversible in immobilised rat knee joints for 4 weeks, after 16 weeks of remobilisation [3] . On the other hand, proteoglycan/collagen thickness was not found to change with 8 weeks of canine knee joint disuse followed by 3 weeks of remobilisation [15] . Chondrocytes provide 10% or less of the total volume of cartilage; consequently, the functional properties of cartilage, including stiffness, durability and distribution of load, rely on extracellular matrix, composed predominantly of collagen [14] . Collagen type II is the main collagen type of hyaline cartilage responsible for the stability and cell biological functions of healthy articular cartilage [21] . Collagen type I is normally synthesised by chondrocytes of the developing articular cartilage and gradually disappears in the postnatal period [5] . Such type of collagen was detected in degenerative joint diseases [20] . Previous studies have focused on chondrocytes and proteoglycan changes, but, to the best of the authors' knowledge, immobilisation-induced changes in collagen types and distribution, as well as, the effect of remobilisation on such changes were not studied immunohistochemically before. The aim of the present work was to conduct an immunohistochemical study to investigate the alteration in the distribution of collagen type I and collagen type II in the articular cartilage of the medial condyle of the tibia of the right knee joint of rabbits after a period of 4 weeks of immobilisation and to compare such distribution to that detected following a period of 10 weeks of remobilisation.
MaterIals and Methods
The study was conducted in the Department of Anatomy, College of Medicine, King Saud University, Riyadh, Kingdom of Saudi Arabia. The study was approved by the Research Ethical Committee of the College of Medicine, King Saud University (approval No. 11/2870/IRB).
Animals. Twenty four adult male New Zeeland rabbits, aged about 7 weeks, were used in the present study. The body weight ranged 2.5-3.0 kg. All rabbits underwent a 5 days acclimatisation period before the beginning of the experiment in the animal house of College of Medicine, King Saud University. The rabbits were kept in a room at constant temperature (25 ± 2ºC) with light from 8:00 am to 8:00 pm. All through the experiment, the rabbits were freely given tap water and commercially available foods. The study followed the International Guidelines for the Care and Use of Laboratory Animals for experimental procedure.
Study design. An experimental study was conducted on an animal model in which the right knee joints were immobilised followed by a period of remobilisation. The rabbits were allocated into three groups: Group 1 (12 animals): control group with free movement; 6 animals were sacrificed after 4 weeks (to be age-matched with animals of group 2) and the other 6 animals were sacrificed after 14 weeks (to be age-matched with animals of group 3); Group 2 (6 animals): immobilised group, in which the right knee joints were immobilised for 4 weeks, by applying a splint; Group 3 (6 animals): remobilised group, in which the right knee joints were immobilised for 4 weeks, by applying a splint, followed by a period of 10 weeks with remobilisation after removal of this splint.
Procedure. Immobilisation of knee joints, in extension position, was induced by applying a splint (Co--Flex NL -"Easy Tear; PATENTED TECHNOLOGY" 2 inches x 5 yds-Cat.# 5200xx-036) on the hind-limb over the knee joint from the middle of the thigh to the middle of the hind-leg. The bandage allowed normal blood circulation to the hind-limb. Direct damage to the skin was prevented by the use of a soft pad of cotton that separated the splint from the skin of the animal. Rabbits were observed daily to ensure that the splints are in their positions without oedema of the hind-limbs [8] .
Histological technique. At time of sacrifice, rabbits were anaesthetised by intramuscular injection of sodium pentobarbital (200 mg/kg body weight, Nembutal, Abbott Laboratories, North Chicago, IL) and then decapitated. From each animal, the right knee joint was resected. The proximal epiphysis of the tibia was dissected and sawed sagittally at the level of the medial condyle. The specimens of the bone of tibia were fixed in 10% neutral buffered formalin in 0.1 M phosphate buffer (pH 7.4) for 24 h. Specimens were then decalcified in 5% formic acid in 10% neutral buffered formalin for 7 days. The formic acid decalcification solution was changed daily. The specimens were processed and embedded in paraffin blocks to prepare 5-µm-thick paraffin sections. After deparaffinisation in xylene and hydration in descending grades of ethanol, these sections were stained with haematoxylin and eosin (H&E) for routine histological examination.
Immunohistochemical technique for detection of type I and type II collagen. Paraffin sections were deparaffinised, rehydrated and washed in 0.05 M tris--buffered saline (TBS) pH 7.6. Immunostaining was performed using a mouse monoclonal collagen type I antibody (Clone No. COL-1, ab 6308, Abcam) and a mouse monoclonal collagen type II antibody (Clone No. II-II6B3-s and cII cI-c, Developmental Hybridoma Bank, University of Iowa, IA, USA) at dilutions of 1:500 and 1:50, respectively, for 1 h at room temperature. Negative controls were performed by omission of the primary antibody. Sections were then incubated with NovoLink Polymer Detection System (product No. RE 7280-K; Leica Biosystems, Newcastle, United Kingdom) for 30 min to detect any tissue-bound primary antibody. Sections were further incubated with the substrate/chromogen, 3,3-diaminobenzidine (DAB), prepared from Novocastra DAB chromogen (50 µL) and 1 mL of NovoLink Substrate Buffer (Polymer). Washing with TBS (0.05 M, pH 7.6) twice for 5 min was performed following each step of incubation. Immunostained sections were then counterstained with Mayer's haematoxylin. Finally, sections were dehydrated rapidly in ascending grades of ethanol, cleared in xylene and mounted in distyrene plasticizer xylene mounting medium. The stained sections were evaluated and photographed by means of an Olympus BX51 bright field microscope equipped with an Olympus DP72 camera (Olympus Corporation, Japan).
Image analysis. High-resolution whole-slide digital scans of all collagen type I and collagen type II immunostained sections were created with a ScanScope scanner (Aperio Technologies, Inc.). The digital slide images were then viewed and analysed using the viewing and image analysis tools of Aperio's ImageScope software. Five areas, each with the fixed size of 137,000 µm 2 , were randomly selected per section. To quantify the immunopositivity, the colour deconvolution (colour separation) algorithm (Aperio Technologies, Inc.) was set up (by colour calibration) so as to detect and quantify only the brown colour of DAB positive staining. The algorithm was then run on the selected area to measure the percentage of immumopositivity relative to the area being measured. The analysis output results were finally exported to Excel sheets and subjected to statistical analysis.
Statistical analysis
Data collected were subjected to statistical analysis using SPSS (PASW Statistics 18) software where analysis of variance (ANOVA) was used for an overall comparison between the study groups and the post hoc Tukey HSD test was used for pair wise comparisons. Differences were considered significant when p was equal to or less than 0.05. A 95% confidence level was used to calculate a confidence interval, which is a range of values around the mean where the "true" (population) mean can be expected to be located, with 95% certainty.
results
Histological results. H&E stained sections of tibial articular cartilage of the right knee joint from control animals (Group 1) showed normal architecture of chondrocytes inside lacunae and extracellular cartilage matrix, with no evidence of degeneration (Fig. 1A, B) . After 4 weeks of immobilisation, the proximal part of the tibial articular cartilage of immobilised group (Group 2) showed a thick zone of intense acidophilic staining of cartilage matrix and numerous young flattened chondrocytes lying with their longitudinal axes parallel to the surface of the articular cartilage. The distal part of the articular cartilage, however, still has a basophilic cartilage matrix and mature chondrocytes arranged in columns perpendicular to the surface of the articular cartilage (Fig. 1C, D) . After additional 10 weeks of free remobilisation, the proximal part of the tibial articular cartilage of remobilised group (Group 3) showed reduction of the acidophilic staining of cartilage matrix and fewer young flattened chondrocytes lying with their longitudinal axes parallel to the surface of the articular cartilage (Fig. 1E, F) .
Immunohistochemical results. The positive immunostaining for collagen type I in tibial articular cartilage of knee joint of control animals was sparse and its intensity was very weak throughout the cartilage matrix ( Fig. 2A, B) . After 4 weeks of immobilisation, collagen type I expression was increased markedly throughout most of the tibial articular cartilage (Fig. 2C, D) . After 10 weeks of remobilisation, collagen type I expression in the articular cartilage showed marked reduction compared with the immobilised group (Fig. 2E, F) , but remained higher than that of the control group. Immunostaining for collagen type II in tibial articular cartilage of knee joint of control animals was positive throughout the cartilage matrix. This immunoreactivity was intensely positive in the territorial areas especially around the cell clusters and moderate in the inter-territorial areas (Fig. 3A, B) . After immobilisation for 4 weeks, collagen type II immunoreactivity showed marked reduction in the inter--territorial matrix, while the territorial areas remained intensely positive (Fig. 3C, D) . After free remobilisation for 10 weeks, collagen type II expression increased in the inter-territorial matrix. Its intensity was comparable to control animals (Fig. 3E, F) .
Image analysis and statistical results. The area per cent of collagen type I immunopositivity showed a highly statistically significant increase in immobilised group compared with the control group (p = 0.0004). In the remobilised group, the area per cent of collagen type I immunopositivity was markedly reduced compared with the immobilised group and the difference was statistically significant (p = 0.0093), but it remained significantly higher compared with the control group (p = 0.009) ( Table 1 ). The area per cent of collagen type II immunopositivity was significantly reduced in the immobilised compared with the control group (p = 0.0126). The area per cent of collagen type II immunopositivity went up in the remobilised group, with a statistically significant difference compared with the immobilised group (p = 0.0191), and reached the control level (Table 1) .
dIsCussIon
In the present study, twenty-four 7-week-old male New Zeeland white rabbits were used. The rabbit is a well-accepted model for histological, biochemical and biomechanical analyses of in vitro and in vivo cartilage and bone repair [5] . Male rabbits were used, in the present study, because in females collagen type II is possibly influenced by oestrogen level, where oestrogen counters the acceleration of type II collagen degradation [23] . At the age of 7 weeks, the essential adult pattern of articular cartilage was established in rabbits in which only traces of type I collagen could be detected [5] . The present study was designed to immobilise the rabbit knee joints for 4 weeks, a period shorter than that reported in the literature, and to remobilise them for 10 weeks, a period longer than that reported in previous studies performed on rabbit knees. The aim was to detect early changes in type and distribution of collagen and to study the possibility of complete reversibility of such changes after a relatively longer period of remobilisation.
The present study showed positive immunostaining for collagen type II throughout the extracellular matrix with intense immunoreactivity in the territorial area of tibial articular cartilage of knee joints of the control group. On the other hand, sparse areas of positive immunostaining for type I collagen were detected throughout the articular cartilage. Previous studies, performed in animals [21] and in humans [7, 24] , reported that all cartilage matrices are composed predominantly of collagen type II. H&E sections of animals of immobilised group showed that the intensity of acidophilic staining of the matrix in the superficial layer of tibial articular cartilage increased compared with animals of the control group, coincident with a significant increase in collagen type I expression in immunostained sections of the same group compared with controls. On the other hand, immunoreactive collagen type II expression was significantly decreased in the interterritorial matrix of tibial articular cartilage of immobilised group compared with the control group. H&E sections of the tibial articular cartilage of right knee joint of the remobilised group showed reduction of the intensity of acidophilic staining of cartilage matrix in the superficial layer compared to that of the immobilised group, but still more intensely stained than that of the control group. Immunostained sections showed that collagen type I decreased significantly in the remobilised compared with the immobilised group, but remained significantly increased compared with control group. Furthermore, collagen type II increased significantly in remobilised group compared with immobilised group and returned to control level. The present study suggested a partial shift of collagen synthesis by chondrocytes from type II to type I as a result of immobilisation of the knee joint. Previous studies reported increasing amount of collagen type I in osteoarthritis and suggested it as one of the factors involved in the pathogenesis of such disease [20] . Immobilisation of rabbit's knee might provoke a degenerative process similar to osteoarthritis [8] . Degenerative processes were evident after 4 weeks of immobilisation. Remobilisation of the knee joint for 10 weeks causes an increase in the amount of collagen type II toward normal, indicating regenerative efforts on the part of the chondrocytes to compensate for the collagen type II loss. Furthermore, collagen type I decreased in amount, but was still significantly higher than normal, indicating that degenerative process was still proceeding. It seems that the reversibility of immobilisation-induced changes in collagen distribution depends on the duration of immobilisation itself and not on the duration of remobilisation. Once degenerative process begins, the normal pattern of collagen in articular cartilage will never be restored. To the best of the authors' knowledge, the present study is the first immunohistochemical one describing the alteration in the distribution of collagen type I and collagen type II in the articular cartilage following immobilisation and remobilisation. Furthermore, the present study pointed to the irrelevance of previous animal studies reporting the reversibility of immobilisation-induced articular cartilage changes [3, 14] . The conclusion of such studies was based on the proteoglycan content which should not be considered as a relevant indicator for the functional properties of the articular cartilage.
Regarding the limitations of the study, the authors did not study collagen distribution following an immobilisation period shorter than 4 weeks to assess more accurately the time of beginning of the degeneration processes.
ConClusIons
In conclusion, a degenerative process was evident as early as 4 weeks following immobilisation of rabbit knee joint leading to a partial shift in the density of collagen composition from type II to type I. After a period of 10 weeks of remobilisation, regenerative processes, evidenced by a restoration of collagen type II to normal, proceeded on top of the ongoing degenerative processes, evidenced by the significantly higher content of collagen type I compared with normal. A much longer remobilisation period seemed not to be of great benefit regarding complete reversibility of such case. Further studies on collagen distribution following shorter periods of immobilisation to indicate the approximate period after which degenerative process proceeds, and hence, safe interval during which remobilisation should start, would be recommended.
The present study pointed to the importance of assessment of collagen distribution as a relevant indicator for the functional properties of articular cartilage in immobilised and remobilised joints. Identifying the causes and progress of the articular cartilage changes would give clinicians an insight into the onset and duration of rehabilitation of immobilised joint. Finally, clinicians should be aware that immobilisation of knee joints would cause irreversible changes in the collagen of the articular cartilage, and that remobilisation, as soon as possible, would be recommended. 
